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Evapotranspiration and Soil Moisture-Fertilizer Interrelations with Irrigated
Grain Sorghum in the Southern Great Plains

By Marvik E. JENsEN and Winus H, SierTEN, Soil
and Water Conservation Research Division, Agricultural
Research Service?

In 1956 and 1957 grain sorghum represented
37 percent of the harvested crop acreage in Texas
(14).2 The largest concentrated area of sorghum
iz in the High Plains where the proportion of
sorghum irrigated increased greatly during the
drought years of the 1950’s. In 1958 the mone-

value of irrigated grain sorghum was esti-
mated to be about $100 million.

As reported by the U.S. Census of Agriculture,
the acreages of irrigated grain sorghum arvested
in the 42-county High Plaine area in 1950, 1954,
and 1859 were 387,000, 1,006,000, and 1,224 000
acres, respectively. The irrigated grain sorghum
acreage 1n the eight counties—Castro, Deaf
Smith, Floyd, Hale, Lamb, Lubbock, f’armar,
and Swisher—represented over 80 percent of the
total in the High Plains in 1954 and 1959,

Development 'of bigh-yielding bybrids end a
large incresse in the number of irrigation wells

in the area have been major factors in the three- .

fold incresse in irrigated grain sorghum. The

number of wells increased from about 8,000 in

1948 to 45,000 in 1958 and 52,000 in 1963. Ex-
ansion since 1959 has been mainly north of the
anadian River. :

Ideal] topography was instrumental in the rapid
development of irrigation in the area. It is not
uncommorn for farmers to irrigate one-half-mile
rows without any land smoothing.

The predominant soils in the area, except for
Lamb and Lubbock Counties, consist mosﬂ%‘ﬁf
clay loams and silty clay loams (10, 15). e
High Plains is perhaps one of the larﬁest irrigated
areas having a single predominant soil.

The source of water used for irrigation is an
aquifer that underlies most of the area. The

is extensive, but the rate of
recharge by rainfall is very small compared to
the curzent rate of pumping. The pum&iﬁg lift
ranges from about 100 to 400 feet in different
areas of the High Plains, The cost of pumping
water and the growing awareness that the current
pumping rates greaffy exceed natural recharge
created a need for maximizing economic returns
per unit of irrigation water and precipitation.

Without irmgation, inadequate precipitation is
the major factor limiting crop production in the
area. Under nonirrigated conditions, the common
cropping sequences mvolving grain sorghum are
contlpuous sorghum and sorgfum after wheat.
Bond and coworkers evaluated the frequency of .
obtaining various yields of grain sorghum under
dryland conditions from 1907 to 1919 and 1943 to
1958 on the “hardland” soils in the Texas High
Pleins (f). They found that the yield of con-
tinuous grain sorghum was Jess than 2,000 pounds
per acre about 80 percent of the time. With
sorghum after wheat (fallow from hmest.in% of
wheat until the next season), the yield was less
than 2,000 pounds 70 percent of the time. The
yields were ﬁss than 800 pounds 20 percent of the
time with continuous sorghum and 15 percent of
the time with sorghum after wheat, Yields
exceeded 2,500 pounds about 6 percent of the
time with continuous sorghum and sabout 15
percent of the time with sorghum after wheat.
Commercial fertilizers currently are not needed in
driland sorghum production. .

ields were doubled or tripled during the first

1 or 2 years of irrigation. Yields decreased in
suhsequent years if nitrogen fertilizer was not used.
The purpose of this study was to combine moisture
and ?erulizer Jevels in an experiment to provide
irrigation and fertilizer recommendations for use
by irrigation farmers in the area.

total water suppl

STUDY AREA

Location

The experiment was located on the USDA
Southwestern Great Plaine Research Center near
Bushland, Tex., 14 miles weet of Amarillo (latitude

- 1The suthors grate.fu]l ascknowledge the ocomputer
services provided by the Data Processing Center, Texas
A&M University, and the sasistance of 0. Wood,

Southwestern Great Plains Research Center, Bushland, Tex.,

35°15’ N., elevation 3,825 feet). The station is
located mear the morthern edge of the irrigated

ain sorghum counties previously mentioned.
ﬁzhe soil on the &?ariment station is representa~

tive of the irrigated ares to the south as well as to

in carrying out field operations and processing the valu.-
minous data.
? Italio numbers in parentheses refer to Literature

Cited, p. 37.
1
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the irrigated area north of the Capadian River.
The Canadian River bisects the High Plains in an
east-west direction north of the station.

Soil

The goil on the experimental site is Pullman silty
clay loam (8, 15). Organic matter content in the
0- to 6-inch depth after several years of tillage
ranges from 1.6 to about 2.1 percent, as compared
to 8 native grass site of 2.6 percent. A caliche
layver (CaCOj) occurs at & depth of 3.5 to 4 feet.

e proportion of CaCO, by weight in the caliche
layer is as high as 45 percent (15). The sofl of &
given layer 8 extremely uniform in physical

roperties and moisture-holding characteristics
or extensive areas.

Bulk density determinations to & depth of 5 feet
were made at four locations on the experimental
site on September 18, 1956, by the use of two
1.85- by 4-inch cores per foot .of depth. The
standard error of the mean of four cores was 0.056,
or 3.8 percent of the mean volume weight. These
data and soil moisture characteristics are summa-
rized in table 1. Field capacity values given are
the mean of high values measured 5 to 10 days
after a preplanting irrigation, Wilting percent-
ages are the mesn of low values measured near
harvest on the drier plote. These field capacity
values would not be the maximum obtainable 1 to
2 days after excessive irriﬁation. However, they
indicate available water-bolding cepacity under
normsl irrigation practices. when evapotranspira~
tjon rates are low. The rate of internal drainage
by gravity on this soil is veryslow. Therefore, when
evepotranspiration rates are high, the effective
avallable water-holding capacity is greater than
the values given in table 1, because evapotran-

TasLe 1.—Soil density and moisture-holding
. characterstics, Pullman &ilty clay loam

Bulk Field Wiltinf Avsil-
Depth increment | density | capae- | point able

ity 1 water

Inches G.jee. | Percent | Percent | Inches
(1% 3 S — 1,38 24.6 12. 8 1.99
12-24. . eeea 1, 52 2.7 13. 5 1. 87
24-36. e 1. 52 210 13.0 1. 46
3648 e 1. 50 20. 4 13.6 | 124
4860 .. 1. 40 21.9| *13.8 1. 41
60720 .- $1. 50 19.9 13.4 1.17

Total:

(12 R U FVEUUUR PP, 6. 3¢
(1 S P VSN P, 8 o4

1 On sn oven-dry weight basis,
t Contains as much as 45 percent CaCOs by weight.
1 Estimated. '

spiration demands can_be met with water that
ordinarily drains from the profile in the 5- te 10-
da{ period after irrigation,

ow intake rates on these soils limit the amount
of irrigation water that can be applied in 12 to 24
hours to 4 to 5 inches during the growing season.
A summary of intake measurements made in an
a.dliacent. experiment that uses level basins and
tillage practices similar to those used in this ex-
periment is presented in table 2. A 4-inch ir-
rigation during the growin%:d on requires about
16 to 20 hours to be absorbed. The intake from
0 to 0.33 hour ranges from 1.9 to 2.3 inches, and
the inteke from 0.33 to 15.33 hours ranges from
1.7 to 2 inches. Inteke rates sre higher during
the preplenting irrigations. Intake rates when
large furrows are used between sorgbum rows on

TasLE 2.— Average infake rates for preplanting irrigations and cropping season irrigations on grain sorghum
with sweep-chisel illage used during the fallow period, Bushland, Tex., 1967-58

Intake rates for time interval after applying water
Year Irrigation Weighted
0.33- | 0.67- | 1.88- | 2,00 | 2.67— | 3.33— | 4.67- | 7.38- ] 10.87~| average
0.867 1.38 2.00 | 2.67 3.38 | 4.67 7.33 | 10.67 | 1538
hour | hours | hours | hours | hours | hours | hours | hours | hours
Infhr. | Infhr. { Inghe. | Inhe. | Infhe | Injbr. | Infhes| Infhe, | Infhe.|  Pn.jbr.
1067..{ Preplant__ oo, 0504 0,356 | 0.252 1 0.224 | 0.218 | 0.168 | 0. 1 0.108 | O 0 145
Average (1 and 2;1 ..... .638 | .279 . 161 122 L1440 118 104 | . 083 . 081 . 110
1958__| Average (1and 2)1_____ .624 | .240| .108( .108] .072| .120 106 | 084 | .001 . 114
1950.. Preplant. . o coooao.-. 1.104 | . 480 264 1 .120 | .144 ( .168 )] .162 | .154| .154 . 242
Aversge (1 and 2)'_____ . 457 | . 156 108 .120| .108| .120| .008 | .082] .084 . 128

1 Average of the 18t and 24 irrigation during the erop season.
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these soils should be similar, because of rapid 100 T P
lateral water movement in the plow layer and the /ol
" dense soil below the plow layer that extends to a : /’ /
depth of about 3 feet. _ 80 /]
e so0il on the experiment site was first ir- — /

}i teddin 1958, tlie ore 1956, the lm}is was = /

owed in 1955 with a previous croppi i L 0CT.- MAY
of a wheat-sorghum-fallow dryland rotant.]l%n. vy € 60 \ | ANNUAL

w
_ SEPT.
Climate 5 /
Z 40

The weather in the Great Plains is noted forits /
great variability and rapid changes, Extreme o
variations in monthly rainfall, daily temperature, € 50 /
and windspeed are normal expectations, especially
during the months of March, April, and May. {/
Anpual precipitation ranges from less than 10
inches to over 30 inches. ol 4 4

A summary of average climatic conditions and 0 10 20 30 40 50
the weather conditions existing during this 4-year PREGIPITATION {(INGHES}
study is presented in table 3. The iprobab' ties
o receiving vrious spounia of (el are e Pitas, - Eubabily of vosving v s o
trated in e 1 (5). & pattern of precipitation ipitation a1 Amarille. Tex "The chrves b t
is similar for much of the area, but more precipi- The peroentage of ime that precipitation oom be wbrosant
tation occurs east of Amarillo, 1o be less Eﬁ’f{m amounta ahol:r:.u be exposted

TaBLE 3.—Summary of weather dala for the grain sorghum growing season at Bushland, Tei:., 18656-61,

and averages for longer periode
Precedi Cro wing season
' fallow pe;igd, : p growing Annual
Year November- average
- May, average June July August |September| October | Average |or totall
or total : or total
PRECIPITATION (INCHEE)
1068 ... 8 65 L 10 3. 18 208 012 0. 32 875 18. 40
1867 el 8 62 8. 05 L 70 4 22 1. 05 258 12 57 2L 10
1988 .. 9. 61 177 7. 78 .83 205 31 12. 36 21. 90
1900 e cc e e 6. 39 269 215 2 50 1138 200 10. 47 16. 58
193961 - .. ca .- 7. 20 260 288 251 164 L 87 11. 50 18. 7¢
MearN Danny Maxinoum Atx Teurrnatuas (°F.)
1956 o occcceoeeee 66.2 | 9286 92.9 9L 7 90. 2 80.3 80. 5 759
D 1: 1. 63. 6 88. 6 68. 5 80.9 83 3 0. 9 858 718
1988 e s 5. 7 88. 5 gL 0 02. 6 851 73. 8 87.1 L2
1960 e s 64 4 89.8 80.6 821 889 722 £80. 0 78. 4
193961 oo 629 80. 4 91. 38 20. 5 849 740 86.1 72. 8
Mzan Darry Mininod Axk TrureriTuns (°F.)

1968 - aeeeememeeo 310 63. 1 622 | 608 55.6 46.3 7.7 42 2
1987 e 333 57. 4 64 9 62 8 513 44 0 56. 3 49
10568 eiiee . 329 60. 4 64 3 620 57. 4 487 51.5 4.2
1959, e cmaae e 30.3 60. 2 618 68. 5 58 8 30.5 587 40. ¢
1939-61. ... 321 50.5 68. 38 62 3 47 441 558 214

Bee footnotes at end of tahle.
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TasLE 3.—Summary of weather data Jor the grain sorghum gowﬁng season ot Bushland, Tex., 1856-61,

and averages for longer perio ontinued
: Crop gro BessOT
Preceding P groving
fallow period, Annual
Yeor L}q o b July August |Beptember| October | A “mt,fft
BY, BVEr une u eptem ver or to
or totdm 8 P or toﬁ
 Mzan Cmﬁb Covr.x- (TENTEB)*
1956 o cosemeommmnm 47 43 50 38 L1 27 3 4 41
1967 - e cocmcanaa 58 43 41 47 3.5 62 48 58
1968 c e 59 41 41 40 5.5 48 45 5.8
1968, e i —aaaaaa 40 47 42 43 248 36 30 4.5
195600 - o amaaae 51 43 4.5 3¢ 3.8 40 4.0 417
EaTiMaTED Borar RADIATION (6. CAL.JOMA-DAY)?
1956 - oommmmnn 417 a7 615 " 598 598 430 582 486
£ 1, 379 653 665 558 408 a21 588 445
1988 e cmememmaan asd 661 664 593 491 374 5568 445
LT . 414 451 654 588 - 572 404 534 464
Long-time average._ 393 852 44l 598 508 300 558 482
Pax EvaroraTion (INCHES)?
LT S, 44 26 11. 68 11 26 11, 49 1170 8 40 85
L1y . 33 89 9 54 14 28 9, 04 7.63 5 15 45 64 79. 58
1968, e e mmmemem 23. 89 1L 74 11 18 11. 14 8 33 5. 02 48 31 72 20
1< 34 32 10. 04 0. 46 10. 00 0. 07 5. 27 48. 84 78. 16
194061 cecaeman 133 88 10. 81 11. 08 10. 15 8 85 6 35 T4 80. 62
WiNDerEED (MILES/HOUR)S
11,7, SN 6. 35 6. 30 5. 04 482 6 04 571 5 59 615
1087 cccc e 6 34 591 4. 86 4 38 ] 4 54 5. 68 5 07 5 81
1988 i ceimcceeee 5 81 6. 40 6. 08 372 5. 69 3.09 518 b 42
1958 cvmsme e 4 08 5. 44 541 5 49 579 519 5 46 5 81
98061 o aaaaa 7. 08 7.04 5..00 5. 53 818 5. 82 00 8 67
RrrLaTivE Humipiry (PERCENT)?

1988 e 5L9 30.0 43. 6 388 36. 2 42 § 40. 1 44. 9
1987 e ccmcmeer s 46. 6 539 50.1 555 56. 2 7L 9 57.6 5.2
1088 . oo 56 2 38 4 48. 0 30. 8 51. & 48 8 4.2 $0.6
1950 amcncmcacns 45 4 “ 411 30.8 369 490, 2 42 3 4“1
1940-6) . eeeeeee 529 48 3 49.8 48 @ 40. 8 5.4 490 4 514

' Previous November through October.
1 Amarillo, Tex.

¥ Young screened ground pan, 2 ft. diameter.

a voeflicient of 0.92.

4 11-year average for October through March.

1 Height of anemometer, 1,78 ft.

(1940-53 U.8. Weather Bureau pan data converted to Young pan .by

* Average of 8:00 a.m., noon, and 4:30 p.m. values.
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PROCEDURE

Experimental Design

The ex%erimental design was & randomized
complete block with split 5:0&. Four replica-
tions of six soil moisture levels as complete blocks
and six fertilizer treatments as split plots were
used. Each moisture level was included in o
level basin diked on all sides with level area
dimensions of 30 by 165 feet. Depth of irriga-
tion water applied was based on dimensions from
center to center of the dikes, 33.3 by 168 feet.
Fertilizer plots were 15 by 50 feet. The treat-
ments were maintained on the same plots for the
four seasons, (Farmers frequently grow sorghum
on the same field 3 to 5 years in succesgion.)

Moisture Levels

A preplanting irrigation was given all moisture
treatments each year several weeks before plant-
ing to wet the soil to a depth of about & feet.

oisture levels are described below.

Code No. Moisture level
Mt Preplanting irrigation only.
. PR One 4-inch irrigation 1 week prior {0 boot

stage.
. Irrigated when the weighted mean soil
moisture tenslon approached 9 atmos-

. . pheres.
Irtigated when the weighted mean scil
mlfisture tension approached 4 stmos-

pheres. .
). Y, Irrigated when the weighted mean soll

moisture tension approached 1% at-

mospheres,

.. P Irrigated the same an for the firet
irrigation, and irrigated the second time
before the soil moisture tension a
proached 4 atmospheres in 1957, 1958,
and 1959, Irrigated the same as M, in
1956, except the third irrigation was not

given.

The weighted mean soil moisture tension was
obtained Ey weighting tensiops in successive
quarters of the moisture depletion zone by 4, 3,
2, and 1. The weighting procedure was based on
typical soil moisture extraction patterns. Soil
moisture tension was measured indirectly by cured
plaster of paris moisture blocks (£) calibrated in a
pressure membrane a?parntus. alibration con-
sisted of placing six blocks selected at random in
a special-built pressure membrane apparatus with
1 cm. of soil above and below the block. Indi-
vidual leads for each block in the pressure mem-
brane were used. The calibration curve was
adjusted to 70° F. and used without further
correction. The curing process consisted of at
least two 24-hour soaking and drying cycles. The
standard deviation of the resistance 3 individual
cured blocks immersed in tapwater was about 25
ohms. The curing process removed most of the
drift in calibration that normslly would have

occurred in the field and some of the variability
betwesn blocks. New moijsture blocks woere
installed each summer at depths of 4, 9, 16, 20,
and 42 inches in the F; and Fy fertility subplots
of each moisture treatment. Readings were
made three times a week during the main part of
the crop season. :

A summary of dates, deﬁths of water applied,
and stage of growth st each irrigation is given in
table 10 in the appendix. Water from a well was
delivered and measured to each moisture plot by
the use of gated aluminum pipe and a flowmeter.
A summary of rainfe]l by storms received during
the growing seasons as recorded in & gage near the
R‘ll{:t.s is presented in table 11 in tge appendix,

e sums of these values by months differ some-
what from those presented in table 3 because of
location.

Fertilizer Treotments

Nitrogen in the form of ammonium sulfate
(20.6 percent N) and phosphorus in the form of
concentrated superphosphate (45 percent Py0)
were used ai the rates given below each year '
except in 1957. No fertilizer was applied in 1957,
because response to applied fertﬁlzer did not
oceur in 1966, the first year of irrigation.

Phosphorus
N (46 percent
Nitrogen POy
Fertilizser treaiment No, (Lb./acre) {(Lb./acrs)
) T, 240 0
P 0 80
D 00 30
) U 120 30
Byt et naananan= 240 80
Peercvammmmmcem e m e —mnm 240 60

Tn 1956, nitrogen was broadcast on the surface

" of the soil and worked into the top 2¥ inches of

goil. In 1956, phospborus placed with the seed
restricted the germination to some extent, owing
to limited soil moisture conditions. Consequently,
all plots were irrigated on June 26 andaﬂune 27
to improve the stand. In 1958 and 1959 nitrogen
was broadcast just ahead of each furrow opener
and phosphorus placed ahead of the press wheel
following the furrow opener (just above the seed).

Cultural Ptédica

Tillage o

In 1956 and 1957 the plots were sweep-plowed
to a depth of 6 to 8 inches after harvest,  Other
tillage operations varied from year to year accord-
i:lg to weed and volunteer sorghum growth.

ter the preplanting irrigation, usually given
early in June or late in %/Iny, the plote were
sweep-plowed to & depth of 2 to 3 inches and
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spike-tooth harrowed prior to planting to control
volunteer sorghum growth and prevent large

drying cracks.

Seeding and Harvesting

Plots  were planted each year with RS-610
hybrid grain sorghum in rows 20 inches apart.
Planting date, rate, and harvest dates were as

follows:
Planitng

rote
Date of planting (Lb.jacrs)  Horvest doles
1056—June 13-4 cceeo -~ 15 Oct. 4-Nov. 3
1957—June 28 o ccaeeaman 11 Qct, 20-30
1958—June J6-17-cccnuas 18 Qot. 6-18
19590—June 17-18_ _.-a-. 6 Oct, 10-23

The rate of planting used in 1959 was considered
to be the minimum for maximum yields based on
other studies (18).

Yield Determination ond Disposal of Crop
Residue

Yields were determined by hand-cutting heads,
which were dried and threshed at a later date,
except in 1956. In 1956, 4 rows, 40 feet lon
were harvested from each subplot with a sm
self-propelled combine. In 1957, 1958, and 1959,
4 rows, 25 feet long were hand-harvested. After
hend-harvesting to determine yields, the rest of
the plot srea was harvested with a combine.
Each year the residue was returned to the indi-
vidual plots, except in 1957. In 1957, an offset
combine was used that deposited the threshed
stalk to the side of the plot. The stubble re-
maining after harvest was shredded either in the
fall or in the spring and disked into the surface.

Evapotranspiration Determinations

Evapotranspiration (EJ was determined from
soil samples taken periodically to depths of 4 or
8 feet on the Fs, F, snd F; subplote of each
moisture level. Samﬂe: were taken by hand in
1956, partially by machinein 1957, and by machine
in 1958 and 1859 (9). .

Soil sampling sites were marked so that succes-
sive cores could be taken about 1 foot or less from
the preceding location moving in the same direc-
tion each time. After removing the core, the hole
was filled with surfece soil and tamped. Because
of the low intake rates and limited depths of water

anlied the rate of E; during an irrigation period
(from the date of sampling prior to an irrigation
to the date of sampling

calculated as follows:

Inches, 4 (Irrigation and rainfall) — Inches,
Deys between sampling dates = Inches per day

ter an irrigation) was

where inches, and inches, represent the total
water in the profile before and after irrigating.
The depth of urigation water applied was gener-
a]]E less than the amount required to bring the
soll to field capacity with the exception of the
first irrigation in 1956, which was applied to
nnpré)ve the germination and unifermity of
stand.

Values obtained by this procedure for the irri-
g]z:tion eriod usually were somewhat larger than
those obtained between sampling dates after an
irrigation. This method of calculation for the
irrigation period assumes that each subplot re-
ceives the same depth of water and no deep

ercolation occurs. Small differences in intake

etween fertilizer subplots due to small differences
in soil moisture content may have occurred from
1957 through 1959. The 1959 seasonal total X,
was from _tie first to the last sampling date; for
the other years an adjustment was made back to
the date of planting. S

Other Measurements

Nitrogen content of the grain was determined ‘
esch year from 1956 through 1958 and in 1960.
The percentage of protein.was obteined by usin,
8 constant ratio between nitrogen content n.nﬁ
protein content. Detailed evaluation of total
nitrogen uptake on three moisture levels with four
rates of nitrogen was carried out in 1957 and 1958.
The results of the nitrogen study have been pre-
viously published (1f). Height determinations
were made with & surveyor’s rod, and the avera
height of the grain sorghum was observed at f
growth. The relative date of heading was deter-
mined when the earliest plots were blooming. A
numerical rating was used as follows: (1) late boot
stage, (2) beginning to head, (3) partially headed
and (4) headed and blooming. The number of
heads per unit area was determined as the plots
were hand-harvested, - Test weight of the grain
was determined by standard volumetric and

weighing procedures.

RESULTS AND DISCUSSION

Evapotranspiration

The High Plains iz not a large homogeneous
irrigated area. Irrigated fields are intermixed
witi rangeland and nonirrigated farmland. The
total acreage of irrigated crops in 1954 other than

wheat, 8 winter crop, represented only about 10

ercent of the total land area in the nygh Plains,
fn the eight-county srea, which had 84 percent
of the irrigated grain sorgi:mm in the High Plains
in 1954, the total acreage of irrigated crope,
other than wheat, represented only 38 percent
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of the land area. Thus, even during the summer
season, about two-thirds of the area is nonirri-

ated. Evapotranspiration determinations made
in this 2.8-acre site surrounded by irrigated and
nonirrigated lanpd should be representative of
irrigated fields surrounded by nonirrigated land
in the area.

Seasoncl Evapotranspiration

A detailed summary of seasonal evapotranspira-
tion (E,) and analysis of variancefor three fertility

table 12 in the a%pend.ix. Some of these data have
been summearized and published earlier (6, 7, 8).
The largest yields and the highest water use
efficiency were obtained on the M, moisture level,
Therefore, the M, moisture level will be referred
to as the optimum moisture level in the rest of
this report. Cumulative E, averaged for the
F,snd Fyfertilizer plots in 1957-5% and all fertilizer
treatments in 1956 on the M, moisture level is
resented in figure 2, The 4-year average seasonal
%. was about 22 inches,

e

"~
L=

LR:

11988 7l

L

EVAPOTRANSPIRATION (INGHES)
®
.
\
L
L]

.

1

JUNE JULY

AUGUST SEFTEMBER  GCTOBER

Ficvrs 2—Cumulative evapotranspiration for grain
sorghum at Bushland, Tex., with optimum soll moisture
conditions {M; moisture level),

Climatic conditions during the 1956 growing
season were nearly normal except in September
and October, when solar radiation and air tem-

erature were above normal and rainfall was

elow normel. Cumulative E, in 1956 closely
followed the 4-year mean except in September,
when it exceeded the mean. The total 1956
seasonal Ekf)robably would have been higher if
an additional irrigation had been given in Septam-
ber. With below-normal rainfall in September
and October, most of the available soil moisture
was depleted by early October.

Low cumulative K, in 1957 was a result of
below-normal solar radiation and sir temperatures,

T71~768 0—O0~~2

~ s0il sampli

subflots on each moisture level are presentedin

especially in October. Solar radistion end air

tempereture were above normal in July 1957;

however, the planting date was about & week
later than a¥verage, whnich apparently resulted in

below-normal cumulative E, that month,

In 1958 heavy July reinfall (7.79 inches) may
have caused some dee Ilparool».t.io:m beyond the

zone, Soil moisture in mid-July
was greater m ihe 4- to 5-foot and 5- to 6-foot
depths than that at corresponding depths on
June 23. Also evaporation losses from the soil
surface may have been above normal in July
because of frequent raina.

Use of nitrogen fertilizer incrensed yields sub-
stantially but had little influence on the seasonal
E, (appendix table 12). For example, with the
M, moisture level, the 3-year average yield (1957—
59) was 194 percent greater on the highest nitrogen
treatment than on the O-nitrogen treatment, but
the average seasonal E, was only 6.2 percent
greater, 1ln 1959, with a lJower yield on the 0-
Ditrogen treatment, the yield was 262 percent

eater on the high-nitrogen tireatment. The
arger yield in 1959 was obtained with an increase
of only 6.7 percent in E, There was no signifi
cant difference in E, between the 120- and 240-1b.
N rate. Similar results have been reported for
other areas (16). e '

During August, grain sorghum can be considered
a8 having adequate evaporation and t.ra._nsPiring
surfaces 80 as not to limit E, Consequently, an
estimate of mean evaporative demend or potential
E, should be approximately the same as the mean
E\, determined on the M, moisture level during this
period. Potential E, as used here refers to evs
orative demand in irrigated fields located in and
and semiarid areas. The 4-year average E, for
Avgust was 8.6 inches (fig. 2). The average total
radiation for August was 583 calories per square
centimeter per day, which would be equivalent to°
the energy required to evaporate sbout 0.389 inch

day. The mean air temperature was 76.9° F.
g:lrlsen and Haise (4) obtained the equstion E,,=
(0.147-0.37) B, for estimating potential E, by
correlating measured E, from crops other than
grain sorghum with solar radiation and mean air
temperature. T is the mean air temperature
in degrees Fahrenheit, R, is solar rsdiation.
expressed as evaporation equivalent, and E,, is
estimated potential evapotranspiration. With
this equation the estimated mean potentisl E,
during August at Amarillo is 8.5 inches. S

Rote of Evopotranspiration

The average rate of evepotranspiration for
sampling periods on the M, moisture level for the
4 years is presented in figure 3 along with estimated
mean potential K, Estimated mean evaporative
demand or potential E,is high in June and July up
to about the first part of August, then it begins to
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Fiovne 3.—Raie of eva transpiration (EJ for grain sor-
ghum at Bushland, Tex., with optimum soil moisture
conditions and estimated mean potentisl B,.

decrease, The E, rate was much less than the
potential in June and early July because of limited
transpiring surface ares. As transpiring surface
srea increased in July, the mean E, rate increased
rapidly until the potential rate was reached during
the first few days in August. The decrease in
mean F, rate during August follows the decresse
in potential ;. The effects of cropmaturation and
lower s0il moisture levels appear to have reduced
E, below the potential during the latter part of
September ang in October. The mean rate of
evapotranspiration shown in fi 3 should be
app{’icable to irrigated fields in the aren planted to
grain sorghum sbout Junme 15. For sorghums
planted 2 or 3 weeks earlier, the peak rate of E,
will be reached about 10 days earlier.

A summary of total water in the 0- to 4-foot
depth for all moisture levels by sampling dates is
presented in table 13 in the sppendix. These
velues are the average of the Iy and Fy plots.
‘Total water in the 4- to 6-Toot depth increment is

resented in table 14. Soil moisture extraction

rom the 4- to 6-foot depth was small except on-

the dry treatments. erefore, this depth was
not sampled each time the 0- to 4-foot depth was

sampled.
Grain Yield

Grain yields for each combination of moisture
level and fertilizer treatment and & summ
the enalysis of variance are presented in table 4.
Yields were greatly affected by nitrogen fertilizer,
especially where sofl moisture did not restrict
yields, No significant rel?onse to . phosphorus
occurred in the 4 years, with average yields of the
same treatment as high as 7,200 1b./acre.

Nitrogen fertilizer did not incresse yields in
1958. Yields ranged from less than 1,000 1b./acre

with & preplanting irrigation only to over 6,000
Ib.facre on the M, moisture level plots. Severe
lodging occurred on the M, and M, moisture levels
g (Macrophomina phaseols).
Moderate lodging occurred on the M; and M, and
some Jodging occuwrred on the M, plots.  Lodging
was more severe on the plote fertilized at the 24¢-
Ib./acre nitrogen rate. The M, moisture level
plots had very little lodging. '

A rwﬁmse to nitrogen applied in 1956 occurred
on the t'ﬁher soil moisture levels in 1067. The
yield without applied nitrogen was less on the
optimum moisture level than on the medium
level, apparently because about 1,600 lb./acre
more grain was produced on this treatment in
1956. The M, moisture level %lota lodged, and
some lodging occurred on the M, level,

In 1958, the third year of irrigation, yields
dropped about 50 percent without nitrogen
fertilizer on the medium and optimum soil moisture
levels. With a preplanting irrigation only, the
yield was largest without applied nitrogen,

In 1959, the fourth year of irrigation, yield
without applied nitrogen decreased to about
3,000 1b./acre on the optimum soil moisture
level. e largest incresse in yield occurred with
the first increment of nitrogen (60 lb./acre)
applied in 1058, 1958, and 1959,

he 4-year aversge yield with a preplanting
irrigation only was about 2,500 1b./acre. On this
treatment a slight response to_applied nitrogen
occurred in 1969. Similar results were obtained
on the My moisture level (preplanting plus one
seasonal irrigation), except a suﬂstantja] response
to nitr(igen fertilizer occurred during the fourth
year. In this case, the 4-year average yield with-
out applied nitrogen was about 4,080 1b./acre,
whereas the average yield with applied nitrogen
was about 4,400. Most of this difference occurred
in 1959, In 1959, the plots without applied nitro-
gen yielded only about 3,300 ]bé{acre compared
with_the fertilized plots that yielded as high as
4,580 1b./acre. :

On equatelilfertilized plots of the medium
moisture level (M,), which averaged sbout 5,800
Ib.facre, a response to residual nitrogen occurred
during the second year under irrigation. By the
fourth year, yields increased from 3,200 to 5,700
Ib./acre with applied nitrogen. These results
indicate that, when irrigating for s t%ildd potential
of 6,000 lb.facre, no nitrogen fertilizer may be
necessary the first 2 years this soil ia irrigated
but about 60 Ib. of N will be needed the third
year and between 60 and 120 Ib. the fourth year.

With average yields of 7,000 to 7,500 1b./acre, a
response to nitrogen oce during the second
year under irrigation. By the fo year, nitro-
ields from about 3,000 to 7,800

ﬁ)n increased
ontinuous production of 7,000 Ib.

. per acre.

per acre, or more, would require at least 120 pounds

or more of nitrogen annually.




EVAPOTRANSPIRATION ETC.,, WITH IRRIGATED GRAIN SORGHUM

9

TasLr 4.—Effect of soil moistur_c and fertilizer treatments on the yield of hybrid grain sorghum for 1956-59,

Bushland, Tez.
Yz DaTa
Fertilizer treatment Yields st molsture level of— Aver,
for
Year : moisture
No. Nsi:lo- PO, M, M, M, M, M, M, leveln
. Lb.facre |Lb.facre |Lb.facre |Lb.Jacre | Lb.facre |Lb.facse | Lb.jacre | Lb.facre Lb.lacrs
P 0 0 633 2, 161 4, 992 6, 704 5, 438 4,370 4, 050
Fy [ 30 780 1,924 | 4,865 6,462 | b5, 241 3, 500 3,810
N IF 80 30| 645 2,214 5176 | 6,218 5870 | 3,908 | 4
Fa 120 30 703 2,026 | 4.808 6, 888 4, 134 3, 989
T, 240 30 817 | 2,030 | 4,158 | 6,450 | & 268 | 3,043 3,77
L Fy 240 60 B20 | 2,108 | 4,477 | 6,571 | 4,047 | 3,058 3,815
Averago. oo ]e e 738 2,077 | 4,701 6,548 | 5,340 | 3,085 3, 908
R
s g y ) 5, 309
1987 e e e 52 0 0 8,541 | 5755 6,167 | 6539 | 5808 | 6213| 5 670
- F, 0 0] 3,697 5, 762 8, 755 8, 756 6, 718 6, 526 6, 035
F 0 B 3770 6,080 | 6 605 7,499 7,687 | 7,160 8, 450
L Fy (1] 0| 8,567 6,056 | 7,023 7, 434 ', 904 6, 983 6, 404
Average. .o |oooooooidaae oo} 3,565 | 5942| 6,508| 6,848| 6,83 6,701 | 6, 069
{Fy 240 0] 2058 4,888 | 6, 128 7,258 | 6,024 6, 6567 6, 663
¥y 0 3] 2,979 6,226 | 3,554 3,442 | 3,325 | 83,848 3,720
Y N IR 60 30| 2,718| 5500 5925 | 6,448| 5988 | 6,350 & 480
F. 120 30| 2,626 5, 089 8, 212 §, 064 8, 781 8, 317 &, 665
Fs 240 a0 2,430 5, 258 6, 219 7,232 7, 075 650 5, 811
L Fy 240 6] 2110 b, 526 { 6,578 7,492 7,020 6, 748 5, 918
R v YR I [N 2,488 | 5,248 | 5760 | 6,478 6,179 | 6,008 5,375
F, 240 0 3,412 | 4,176 5, 254 7,218 7,770 6, 019 &, 641
Fy 0 o 2, 803 8,320 3,215 2, 980 2, 047 2, 521 2, 564
1089 e F, 60 30 3,300 | 4,274 | 5, 058 5, 883 803 6, 158 §, 080
¥ 120 30 3, 392 4, 456 6, 777 7,148 7,117 5, 934 5, 643
F; 240 301 3,281 4,588 | b5 718 7,822 7, 608 5, 067 5, 846
F, 240 60 | 3,634 4,931| 5535 6 93¢ 7555 | 6,810 5 508
Aversge_ . oooofoeoeen N . 3,304 | 4,206 5098 | 6,320 6,463 58568 5 175
S (SSTER MR 2,385 | 4,364 5777 7,208 6,977T| 6,008 5, 450
. e TAR R RE RN IR
L R L N SRkttt EEEE T TP ) y t ()
Fe S I 2,6 4,343 | 590| 6,938) 6,475 5728 5 338
¥ SRS S, 2,574 | 4,478 5,676 | 7,261 8, 919 5, 930 5, 471
IR (R IR 2,536 | 4,658 | 5,908 7,108 1 6,804 | 6, 125 5, 530
Overall aversge._|..._...1 ______| _______ 2,520 | 4,801 5633 | 6,550 @211 5587 5 182
ANALYSIS oF VARLLNGE
M uares 1
Component Degreena of en
freedom : :
1058 1987 1068 1950
Moisture (M) - - _ - oeeeemmem oo b 111, 257, 911%* | 89,107, 156** | 52, 408, 100%% | 35, 658, 200%*
Error (B)eeeceee- e eeem e eeceaan 15 683, 301 504, 222 258, 800 326, 300
Fertiliser (¥)____ - _C_II0IIIITTIITTTT 5 342,250 | 5,836, 120% | 17, B54, 600% | 30, 267, 400%*
Y Y 25| 209 837 794, 681%% | "2, 173, 800%% | 2, 168, 700%*
e s— o 308 509 258, 694 2486, 891 195 171

1 #3—Rignificant at the 1-percent level
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TarLe 5.—Effect of residual nitrogen and previous moisture levels on yield of hybrid grain sorghum in1860

Ymip Dara
Fertilizer treatment! Yielda st moisture treatment? of— A _
for ﬁ
. moisture
No. Nitrogen | PiOy M, M, M, M, M, M, levels
Lb.Jacre | Lb.Jacre| Lb.facre Lb.Jacre| Lb.Jaere | Lb.facre | Lb.Jacre Lb.facre| Lb.Jacre
Piocemeemmcsmmeammmrooranans 240 | 0| 6486 | 6,878 6,826) 6 480 | 6,506 | 6,591 6, 628 -
Fiaceoramcasmesammmsucanman= 0 30| 5220 4,020 38,36 | 3, 276 | 8,132 | 8,622 3,772 .
Faamcoeccmmeecmmmanaraan—n~ 80 30| 6519 5031 3,067 4, 008 | 3,576 | 4,14 4, 541
Fioeomummcammecmmmecaranaan 120 30| 6,7671 5174 | 4,040 4, 661 | 4,372 | 4,638 5, 0756 .
Fooveormmmmmemmmmmwmmam————— 240 30| 7,386 | 6,684 | 7,478 6, 741 | 6,207 | 7,308 68, 980
Foareoammcnmmenammmnmammm e 240 60| 7,654 | 7,047 | 7,360 5,088 | 6,584 6, 068 6,778
Average. . ememceooo]ocsmmneroforiaaead 6,672 5700 & 654 5,187 | 5078} 5,408 5, 628
ANiLysis OF VARLNCE
Component Degrees of Mean sguares
pe - freedom o4
Molsture (M)eaeeoccmoosmmmmevac—an- ——— m——- - 3 - 8§, 070, 871%*
Error (8) - ace--eens mmmmenammam———— emmmmteammmmesmemm—en——— 15 469, 260
Fertiliser (F) o - ecve-cc—usrmmmmvommo—smmm=a-——sas=seas=sosoens -] 43, 551, 814%*
M X Fooescmemcmcccmsmmmsse—mcectemsse—e=vesrssomtesmseas= 25 1, 039, 166**
EITOr (D)oo ammmmeccemc—sammm=roc—ccasm==e—mocasss=weo-ess=s 90 320,100
Total, - ccrvnmmmccmammmcramm—=ram——ewm——e- [ 148 |ocecmccccecnecccasnecean—caaenn

1 Applied in 1958, 1958, 1059,
» 1958, 1967, 1958, 1059; adequate moisture supply in 1960. .
3 "'*-higniﬁmt at the 1-percent level. ' ' '

The results of this study illustrated the primary  effect (fg. 4). The curve in figure 4 was fitted
interaction between nitrogen and soil moisture by eye. Yields were -greatly reduced when the -
levels; i.e., when available soil moisture limited average available soll moisture lovel was less than
production, applied nitrogen requirements were 25 percent before irrigations. A similar 1Slat.t.ezrn
reduced, and when soil moisture was not the of reduction in yield as influenced by the soil
limiting factor, applied nitrogen requirements moisture level reached Gpriosr to irrigation was
were greater to obtain good yields. Also, when  observed lgl Musick, (irimes, and Herron on
sufficient water was :ﬂ:p ied for average yields of  Richfield soil at Garden City, Kens. (19).
about 7,000 Ib./acre, the production without nitro-
gen fertilizer decreased the second yesr i
wes irrigated snd continued to decrease as the _
re%arve ofoavttglable N was depleted. tod

n 1960, the experimental site was irriga . . —f—-T“"
uniformly to evaluate the effects of residual nitro- . prail
gen and previous moisture Jevels on yield (table v
5). The 1960 yields on the F, F., and F; treat- | /
ments were inversely related to amount of irrigs-
tion water and directly related to the amount of
nitrogen applied during the previous 4 Yyears.
No sgnificant yield response to phosphorus

oce .
Yield of grain sorghum was not materially 4poo
affected by soil moisture level if the av
available soll moisture in the 0- to 4-foot dep
* st prior to irrigations was more than 30 percent. 20 40 80 .0
%ie]& fl‘Om the F. fﬁrtﬂi!er mtment' ?md F‘ AVAILABLE B0IL MOISTURE (PERGENT)
if the yield on the F, was not more than 2 or 3
K;rcent. less than the F; yield) on the My, M,,
., moisture levels were used to -evnj

YiELD (LB. 7 ACPE)
&
1
L]

o y—
.“_

g [Fioum 4— Available soft molsture in the 0- to &-foot d
" prior o irrigations can be depleted to an average
uate this to 40 percent before yields are materially reduced.
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The so0il moisture extraction pattern was evalu-
| ated during Sampli’rll‘i periods when little or no

rainfall occurred. e results indicated that as
the season progresses from July 15 to September
15, the percentage of soil moisture obtained from
the top foot during a samplingrﬁeﬁod decreased
from about 50 to 35 percent. e percentage of
extraction from the other depths to 4 feet in-
creased during this period. '

Delaying irrigations until small amounts of
availabﬂ water remained in the upper layers of
soil decreased total sessonal E, but
creased b agreat.er_gropomon. This relation was
evaluated by considering the average seasonal
E, on the and F, fertilizer plots of the M,
moisture level as E,; with optimum soil moisture
(E.'.il. The yield on the F; fertilizer treatment
on the M, moisture level was used as the maximum
(o). The data presented in figure 5 are mean
relative yields (Y] m% on F, and F, fertilizer
plots and mean relative E, (E/E,,) where adequate
nitrogen appeared to have been provided. Since
the time of occurrence of low moisture conditions
on different trestments was not always at the same
stage of growth even within one year, some scatter
of points is to be expected. However, the general
trend indicated yields decreased more rapidl
than E,. For example, if irrigations were delayed,
causing & 10-percent reduction in seasonal E,
yields were reduced about 20 percent. Likewise,
8 20-percent reduction in E, reduced yields sbout
35 percent. The same type of relation would not
pecesearily occur if yields included total dry matter

produced.
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Frourn 5. —Relative yield decressed more rapidly than
relative measonal evapotranepiration when irrigations
were delayed. ]

ields de-

Larger yields on the nitrogen-fertilized subplots
in 1957-59 resulted in lower average soil moisture
than on the 0-nitrogen subplota. The mean eoil
moisture percentn.ies for sampling periods from
July 15 to September 15 for each depth are pre-
sented in table 15 in the appendix. Tﬁeao
values are averages. of 64 to 112 soil samples,
Average values cannot be used to compare moie-
ture levels directly, because different sampli
dates were involved. Differences in mean
moisture in the 0- to 4-foot depth betwean the F,
plot and the avern.%jﬂ_of ¥, and F, plots are plot;
in figure 6 against differences in yield between the
two.

These results indicate that if large yield or
plant-growth differences are expected {]atwoen
treatments and if soil moisture level is an impar-
tany factor, experiments should not be desisned
with subplot treatments having large yield or
plant-growth differences. The mean soil moisture
percentage on the nitrogen-fertilized plots aver-
aged 0.9 percent (on an oven-dry weight basis)
less than the O-nitrogen plots when yields on
the nitrogen-fertilized plote were 4,000 1b./acre
greater. is difference represents about 10 _
cent of the total available soil moisture, .
difference in soil moisture tension in the up
soil layers just before irrigating may have re
several stmospheres, especially on ireatments
where the soil moisture tepsion was allowed to
reach 4 or 9 atmospheres before irrigating.

Grain Quality

Soil moisture and nitrogen fertilizer affected the
quality of the grain as well as the yield. Test
wea;iht. and protein content were used to evaluate -
quality.

Test Weight

A summary of test weights for all soil moisture
and fertilizer treatments and an snalysis of vari-
ance are presented in table 16 in the appendix.
The low 4-year average test weights on the M,
moisture level were due pnmarﬂi to greater
lodging in 1958 as rate of applied nitrogen:
increased. '

The low values on the M, treatment were dus
primerily to lodging in 1956. Lodging and low
test weights appeared to have been more severe
when soll moisture was adequate in the
season but deficient during the latter part of the

" season,

Protein _ N

Protein content of grain was invenrsaly related
to the level of production snd directly to the
amount of nitrogen fertilizer applied &ppendix
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Frauss 6.— Mean soil mojsture content was lower on the nitrogen-fertilised plote than on the F; plots when large differences
in yields ocourred, .

table 17). In 1058, the protein content averaged
15.3, 14.0, 13.4, 11.3, 12.1, and 14.83 percent for
rogressively incressing moisture treatments. In-
giﬂdual fertilizer trestments were not analyzed
in 1956. L

In 1057, protein content on the M, moisture
Jevel averaged 11.65 percent as compared with
8.30 and 8.18 percent on the M; and M; levels,
respectively. The 2-year average yields (1956 and
1957) on these treatments were 2,158, 5,548, and
5,804 Ib /acre, respectively. The weighted mean
protein content for 1057 and 1058 was about 11
ercent with &verage yields of about 3,000 lb.
weighted mesn=sum of yield x protein content
for each year/total 2-year yield). With larger

yields on higher moisture levels, protein content

was lower.
With average yields of about 5,000 lb./acre,
rotein content averaged 6.3 percent on the
nitrogen plots. With 240 lb./acre of nitrogen
applied in 1956 and 1958, protein content avemﬁ:ed
only 8.5 percent when yields averaged 6,400 lb./

acre. 'Thus, protein content was maintained to &
certain extent when nitrogen spplications exceeded
that needed for yield.’ _

Other Crop Characteristics

 Plant Height

The height of the sorghum increased with the
first two increments of applied nitrogen in 1958
but decreased slightly at the highest rate. Very
little difference between nitrogen rates occurred
in 1957 and 1959 (table 6). w go0il moisture

during the late boot stage reduced plant beight.
The shortest plante were on the M: moisture
Jovel. . :

Heading Dates

Date of heading was delayed on plots receiving
no nitrogen (sppendix table 12. Heading was
earliest on the Jow moisture lev
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Heods per Acre and Wefg’lf per Head wiifiht per é:lead t.i%:ar the P-tnitrolgan a]zl:h(n ;oi; t;o

The number of heads per acre and weight fedium and optunum molsture lev table 8).
head were prizary compol:mnta of Iarge va.riatigg quever, there was only a small difference in head
in yields in 1959. The lower yield on the low  Weights between the 60-, 120-, and 240-Ib./acre

moisture levels was a result of fewer and smaller ~ nitrogen application rates. Therefore, large dif-
heads as compared to the higher moisturs levels  ferences in yield between these treatments wers

(tables 7 and 8). Nitrogen fertilizer increased the ~ due primarily to the number of heads per acre.

TaBLE 8.—Average height of irrigated grain sorghum in 1957, 1968, and 1959, Bushland, Tex.

Height at moisture level * of— Aver.
Fertilirer No.} for
mofsture
M, M, M, M, M, M, levels
M. N, M. . R, n, M.
) T 314 3.85 3.67 415 4.29 3.8 3 5
P e e———— 3.38 3.93 3.70 3.98 4 10 378 3. 81
P men——c—e s 3.34 3.98 3. 80 4 22 424 3. 06 3.98
F e eee——————— 3.22 3.04 384 4 12 4. 35 8.9 3.80
S 3.24 3. 78 3.61 412 428 3. 80 3.7
P e 3.18 3.7 8.74 418 418 3.86 3. 80
AVErage.n e vcacmmmamae_ oo 25 388 3.78 412 423 3 58 3 84

1 8ee p. b for fertilizer sp;ilicatims.
2 Bee p. & for frrigation scheduies.

TaBLE 7.—Number of heads per acre of in‘igated grain sorghum (RS-610) as affected by moisture and j&'titiza'
treatments, Bushland, Tex., 1960 _

PropueTioN DaTa

Fertilizer treatment Heads at moisture Jews . ? of— Afvern
or all
. moisture

No. N P,0, M, M, T M, M, M, M, levels
Lb.Jacre | Lb.facre | Thousends | Thousands | Thousands | Thousands Thourands| Thousonds | Thousands
b T 240 48. 5 57. 8 67.8 69.0 76. 0 59. 5 62.1
) g 30 44. 8 52. 8 56.0 58.3 61. 8 50. 5 54. 0
) 80 30 46. 5 56. 0 58 8 65.0 61.0 58. 8 57.7
) P 120 30 41. 8 58. 0 723 7L 0 748 623 63. 3
| 240 30 42. 0 585 7L & 75.3 76 59. 8 841
Fooemmrmmmacaen 240 80 47. 8 6.3 72. 5 75. 5 76. 8 80. 5 67. 8
Average o |occeeoofonnanao. 44 4 57.6 606, 4 69.0 7.2 80. 0 6l. ¢

ANALYEIS OF VARIANOE
Component | De of Moean square
Fﬂ?m | L)

Moisture (M) ..o oo ————— : 5 : 2, 322, 43%»

Error ?3-----.._....------...----..-------.‘ ..... 15 20. 19
b 566, gae*
25 . ' 55, @7

90 14. 81

148 jome . --

1 Bea p. & for irrigation schedule.
# #*= Bignificant at the l-peroent level.
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TanLy 8.— Weight per head of irrigated
' Bushla
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grain sorghum as affected by moisture and jmﬂiza' #edtmem,
, Tex., 1968 : '

PropucTion DaTa

Fertilizer trestment Head weight at ‘moisture trestment ! of— Afver
: or
moisture
No. N Pi0s M, M, M,y M, M, M, levels
Lb.jacre | Lb.jacre| Lb. b, Lb, b, Lb. b, Lb, -
Flaccecacmam=mccsnmmmeammmaaa= 240 0 0. 104 0. 110 0. 113 0. 144 0. 148 0. 145 0, 127
)RR 0 30 . 0838 ., 003 . 088 .076 . 078 . 088 . 083
Fiommvmmemmemmrmeammmmmmmmm—ae 80 30 L008 || .11B . 126 . 184 .138 . 142 124
Ficeeommemmmmmmemmm s mam————= 120 30 .101 .112 L1117 . 141 . 136 . 139 . 194
Fpoceemmsmmmmmtrammmmoacmcoran 240 30 . 108 . 111 . 110 . 142 . 140 . 141 . 128
Feereammsmmemmrrmmemnam == 240 0 L1021 .00 . 114 . 133 141 . 131 . 120
FU7 . SR FVESSTES SRS E . 099 . 107 . 111 . 128 . 128 . 181 . 117
ANaLY818 OF VARIANCE
Component Degrees Mean square *
po of freedom N
Moteture (M) ecccammmamroccccammmmrroecesmesnomasm o=t on s ] 0. DG4358%
P I - e eeetmceeasm—tE———————————— 15 .. 000106
Fertiliser (F)eroccenmmmranammrrnemremmamnemmemmemssesmmre==sn 5 , 007082
51 073 IR PR T S L bttt . 000416
Error (B)ccmccmeccnmmmeenmmmm;=msse=s=ae=sm=sessssos—=ss s 80 . 000057
' TotAl. v oo ecmemmemra———ammsEe-——Semme-c-smmsesmssLoce 143 | cisereceeemctam—— e a e

atfon scheduls.

t See p. 5 for irrig
the 1-percent ievel

» #+— Significant at

Water Use Efficiency

Water. use efficiency, expressed in unite of
marketable producte per unit of water evaporated
and transp during the growing seasom, is
frequently used to evaluate water management
practices. The term indicates the relative effec-
tiveness of agronomic and irrigation ractices in
maxmum utilization of water supplies. Water
use efficiencies for the 4 yeara are summarized in
table 19 in the appendix.

Fertilizer Effects _

Fertilizers are extremely important when at-
tempting to obtain maximum production per unit
of water, The effect of both soil moisture and
nitrogen on water use efficiency after 4 years of
irrigation is shown by data for 1958 (ta{-Ie 19).
With low moisture levels, nitrogen did not increase
water use efficiency greatly. en soil moisture
was not limiting, nitrogen fertilizer more than
doubled the production of grain per unit of water.
The large difference in water use efficiency was due
to the use of nitrogen, which more than doubled
grain yields but increased seasonal evapotranspira-
tjon less than 10 percent.

Irrigation Water Use Efficiency.

Annuol | Voriations

Ina drHea.r such as 1058, water use efficiency
with limited irrigations was low, but in the years
of normal or sbove normal well-distributed precipi-
tation, relatively high water use efficiency was
obtained with limited irrigation - treatments. In -
ty resulted in high water

contrast, medivm to optimum soil moisture
adequate nitrogen fari.ifi

use efficiencies in seasons with below normal,
normal, and above normal precipitation.

Trrigation water use efficiency was evaluated by
considering yield increases over ponirrigated crop
yields per unit of irrigation water applied prior to.
planting and during the growing season. The 4--
year average production of grain per acre-inch
of irrigation water applied is presented in table 9.
The highest 4-year average lLrrigation water use
eﬂicienc%_occurred on the optimum soil moisture
level. With the irriﬁa.t.ion practices used in this
study—that is, a preplanting irrigation plus two or
three 4-inch irrigations during the growing sea-
son—the largest average pr uction of grain per
unit of irrigation water required 14 to 16 acre-
inches of irrigation water per acre per year.
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TasLy 9.—Effect of s0il moisture level and .nitrogm on the godw:ﬁon of grain sorghum per unit of irrigation

waler applied ennually, Bushland, Tex.!
Fertilizer treatment ' Increase at moiaturs lovel of— A
i for :ﬁ
moisture
No. M, M, M, M, M M, lavels
| by b/ b/ 7%, b Y,
acre-inch | acre-inch | acre-inch | acre-tnch | acre-inch | scre-inch | acre-inch
e cmmccmcemtrm e ———— 208 288 220 222 178 <207 220
Fooomeo oo 230 314 340 360 308 330 314
Py mccmcmccmcdrecmcatcrrranaa 225 328 328 arn 334 348 322
Averages_ oo ... - 22 305 296 321 272 206 288

1 Based on the increaee in yield over dry]aﬁd yields of the same hybrid in 1957-50 and Early Hegari in 1958,

Fallow Period Irrigotions

Irrigation before planting is practiced in the
High f’lnins to assure & stand, to maintain growth
until irrigation furrows can be made, and to
germinate grain not removed during harvest. Ir-
rigation of wheat is generally not economical after

ay 20, as yields will not be materially affected.
Thus the irrigation wells can be used for preplant-
ing irrigations for grain sorghum several weeks
prior to the optimumn time to plant. Also, because
of the low intake rates, a preplanting irrigation is
often made to store water in the 3- to 5-foot depth
of the soil profile. Storing water in the 3- to 5-foot
depth allows the farmer to irrigate more acres
with s given water supply. If irrigations are made
only after planting, the dersand for water may be
greater than the capacity of the wells when E,
rates are high. Without water storage in the
3- to 5-foot §epth, severe reductions in yield can -
oceur.

Storage of rainfall during the fallow period is
usually 15 to 20 percent of the offseason precipita-
tion with dryland farming. About 25 percent of
the total precipitation at Amarillo comes from

storms bringing less than 0.25 inch each. Nearly
70 percent ofnlie precipitation comes from storms
bringing less than 1 inch each (5). With these

light showers, penetration into the fine-textured
soil is limited and evaporation losses are high.
Storage efficiency of precipitation plus irrigation
water applied offseason was also low. The 3-year
averege fallow season precipitation was 11.18
inches on the M, plots and 10.25 on the M, plota.
However, because of high evaporation losses,
preplanting irrigations were necessary to wet the
soil profile to a depth of 6 feet. The average
de t,g of preplanting irrigation was 5.5 and §.2
inches for a_total of 16.7 and 18.1 inches of pre-
cipitation plus irrigation water on the M; and
moisture levels, respectively. The average
net gain in soil moisture from harvest to planti
was 5.5 and 4.2 inches, Thus, the effictency o
storing precipitation plus irrigation water was

33 percent on the M, plots and 26 percent on the
M, plots. This loss of water, primarily by
evaporation, was approximately one- the
smount required to grow a crop of winter wheat
during the same period. The total depth of
water evaporated and transpired annually on the
grain sorgglum plots with optimum soil moisture.
was about 34 inches,

lirigation Wafer_ Management

Irrigation water meanagement practices for
ﬁrain sorghum will vary with each farm unit,

epending upon the crops grown, aveailable water
suplinl;g, general level of production desired, and
facilities and labor for uriiatin .. Some general
irriﬁation e derived from the
results of _

Preplanting Irrigations

Under normal climsatie conditions and recom-
mended irrigation practices, the soil profile will
be near the wilting percentage in the top 4 feet
at harvest. As indicated in table 1, about 6
inches of available water could then be stored in
the 0- to 4-foot depth. From table 3, the av
precipitation during the fall and winter mon :
in this area is about 7 inches. However, from -
November through March approximately one-
half of this precipitation comes from storms
bringing less than one-half inch each, resulting
in high evaporation losses. Therefore, unless
large reins are received in April and May, the eoil

ill generally not be wet to more than 1 to 2 feet
by planting time. With these soil moisture
conditions, preplant.inf irrigations may be more
convenient than applying greater amounts of
water after planting. o

High Production Level

If it is sssumed that adequate fertilizer was
provided for near maximum production and a

uidelinea can
is study.



16

grepla.nt.in irrigation was given, irrigations can
e scheduled by (1) observing rai.nftﬁl that has
oceurred, (2) estimating probable rainfall based
on current forecasts for 4 to § days shead, and
(3) utilizing the mean cumulative E; or E, rate
curve of figure 2 or 3. For high yields, only
sbout 50 percent of available water can be de-
pleted before irrigating the first time when the
root system is not fully developed. Thus, the
first irrigation should be applied to the entire
field before 3 to 3.5 inches are used from the soil.
With normsl precipitation in June and July and
:viﬁhmmg date near June 15, the first irrigation
- be needed in late July or early August,
depending on actual rainf The second irri-
gation will be needed about August 15, allowing
3 to 3.5 inches to be depleted from the soil after
the first irrigation. The third irrigation, and
robably the last, would be needed between
eptember 5 and 10. A season with below normal
precipitation would require four irrigations with
the t one beginning sooner than indicated,
whereas a season with above normal precipitation
may require only two irrigations, each irrigation
requiring 3.5 to 4 inches o? water.

Medium Production Level

It adequate fertilizer and & preplanting irri-
gation are assumed, the first irrigation for the
medium production level should be given before

CONSERVATION RESEARCH REPORT §, U.8. DEPT. OF AGRICULTURE

3.5 to 4 inches of s0il moisture are used. With
pormal climatic conditions, the first irrigation
will be needed about the first week in August.
The second, and gerhaps the last irrigation
should be given whem about § inches of soil
moisture are used after the first irrigation. With
asbout 2.5 inches of average rainisl in August,
this irrigation will be needed about September 1.
A dry season would require three irrigations and

s wet season perhaps only one irrigation, scheduled .
.in & simil

Ar manner,

Low Production Level

If limited water supply or pumping capacity

during the summer is anticipated, irrigation for a
low production level may be necessary. The
planting rate should be reduced to rates near those
used for dryland farming. If a preplanting irriga-
tion was given, then the first and only irrigation
during the growing season should be given when
the plants begin to show signs of severe wiltin

during the day. Preferably, this irrigation shoul

be delayed until the middle or Jatter part of August
during the milk stage. The yield with this practice
will not be high, but it will be greater than dryland
yields. Fertilizer requirements will be consider-

ably less at this Jevel of production. Lodging

caused by charcoal rot may be severe some years
with these limited irrigation practices.

SUMMARY AND CONCLUSIONS

The 4-year study of irrigated grain sorghum,
with six soil moisture levels and each with six
fertilizer treatments, showed that seasonal evapo-
transpiration (E,) will average about 22 inches
from_ planting to harvest when irrigating and
fertilizing for high yields (fig. 2). Nitrogen feriil-
izer increased yields 2 to 2X times more than those
from plots receiving no nitrogen, but increased
seasonal E, only about 8 percent. '

The rate of E, shortly safter planting grain
sorghum in June was less than 0.1 inch per day,
even though solar radistion and air temperatures
were high. As amount of vegetation increased,
the E, rate increased rapidly, reeching & maximum
of about 0.30 inch per day during t.ﬁe early part
of August (fig. 3). During August and until
harvest, the E, rate decreased as solar radiation,
air tem]ilerature; and soil moisture decreased,
and as the plants matured.

Grain sorghum yields were greatly affected by
the soil moisture level. Yields were also grestly
affected by the rate of nitrogen application in the
third and fourth year after begioning to irrigate
Pullman soil. To maintain yiel

'4), With limit

of 6,000 to 7,000 .

Ib./acre, at least 120 1b.facre of niirogen wer
requireci annuslly after 2 years of irrigation (table

eg irrigations that restricted yields
to 2,500 to 3,000 1b.facre, nitrogen fertilizer was
not needed.

Yields were less than 6,000 to 7,000 Ib.
acre when more than 80 percent of the available
water in the 0- to 4-foot depth bad been depleted
before in‘igatinﬁ (fig. 4). Delayed
reduced seasonal K, by 10 to 20 percent, but

ields were reduced 20 to 35 percent gls 5).
evere lodging caused by charcoal rot low
test weights occurred when soil moisture was

adequate early in the season but inadequate late

in the season.

High water use efficiency was greatly dependent

on nitrogen fertilizer. Nitrogen fertilizer doubled
the production of grain produced per unit of water
(eppendix table 19). High average water use
efficiency occurred when optimum soil moisture
was maintained. During years with well-distrib-
uted precipitation, lower moisture levels also
resulted in high water use efficiencies. '
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_APPENDIX - ‘
T aBLE 10.—Record of irrigations and stage of growth of grain sorghum at Bushland, Tex., 1956-68

Time of irrigation Trrigation for molsture level of—

Date Btage of plant growth | M, M, M; M, My M,

1568 Inches | Incher | Inches | Inches | Inches | Inches
APL. 8. cecccmmmvmmccame e mmmee - Preplanting—_can--.| 40 4.0 40 40 40 4
June 27 e cmiccmmmmm—mavmmm—————— Emergenod. . .ocave 30 3.0 a0 30 3.0 a0
July 26 e mmeaa 24-in, height. ueeera|--- JERNOION PR NPEPIPIOIpIN Nyuu— 8.6 |ocmmeeee
BT T s 26-in. height.acccvec|omemnman|rrreemadovaanaad A0 |emrmmaedeacaas
A 26-in. heighte.-cooeo|mommana- I O S IO 40
Aug. B e s Boob.. oo crmmammmaafevammene]amaaaan 40 |eeceiame e asae
O VO Boot. SRS MR FSIANINSY SRR NP 40 |iceecma-
Aug. 18 e eaaaas FlOWer e ceoeecermmafemmmmee|cmccaca]amcacana 40 |ocmcvcn- 40
Aug. 30 e .0 611 SR MUV NS S 40 jo._. 40 |ermee-.
27 N YOO UPR RS s S - W S PRI ST TN | T R -,

Total. . cceeeacmveveconccmeoc|sacaemmanaccrea——- 7.0 1.0 15. 0 18. 0 18.5 15.0

......................... ._.._- Preplanting_
18-in, he
Boot. lgg

----------------------------------

----------------------------------------

----------------------------------------------

-----------------------

---------------------------------------------

---------------

-----------------------------------------

--------------------

--------------------
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TasLE 11, —Rainfall during growing seasons 1956-59 near the experimental site, Bushland, Tex.

1956 1987 1958 1959
Data Amount Date Amount Data Amount Date | Amount
Inches Inches | - Inches

012 June 20_ o oooaoo 081 June 23 ___...._. 0. 95

.34 28 e 113 1 (PR .08

.29 July 4-5ecvena- 3.30 . S .54

.01 ) { T A7 80 o .78

. 05 19 e I ) g0 | S . 57

1. 66 200 oo 1.8 18] .07

.11 22 e .20 ) I S 11

.02 b7 S, .70 ) | I . 60

. 2527 et 1.27 ) b .03

.18 Aug, 2. .ccecaoa 1B | Avge Te oo .11

. 56 - S .34 . S . 80

.14 16 . . 0d b 1, S .10

.28 Bept, O e 1.11 .3 W .08

1. 14 | 1 T . Of 2228, e 1. 08

.12 ) 1 —— .26 30 - .50

.28 p.{, S .38 | Bept, 1800 . 80

. 06 ] S .11 4 ... .13

Bept. 30-Oct, 2. g

Total_ ... B.A2 |oiccccccceecrnre] BB |emeeea 11,08 |eccmamcceravacccne-

7.01
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TasLE 12.—Effect of soil moisture levels and fertilizer (treatments Fy, Fy, and Fy) on total evapotranspiration
_ by hybrid grain sorghum in 196668 :

EvAPOTRANBFIRATION DaTa

Fertiliser treatment Evapotranspiration at moisture level of— Aver
Year ] moisture
No. | Nitro- B0, M, M, M, M, M, M, levels
gen .
P 0 30 Inches | Inches | Inchea | Inches | Inches | Inches | Inches
1958 - o o ceeemeemmememe [F: 120 30 |oo ol T e
F, 240 . 1) I N FNIUINIIUIT [pysyayspuyy PSR, Ee M AN S ——
Average. o cccevacfonceiommmr e femeeean 12.3 15.7 18. 8 2.9 23.7 18.4 185
F, 0 0 12. 8 17.1 20.0 20. 4 28.7 20.9 10. 3
1987 o ceemammm—maamman F, 0 0 13,1 16. 0 20. 6 20. 5 23. 8 20. 6 10. 0
Fs. 0 0 13.0 16.0 20.2 2.2 28. 0 1.0 10.2
Average. .o oo femmmmae e 13.0 16. 8 20.8 20.7 28.5 20.8 19.1
¥y 1] 30 14,8 18. 5 20. 8 210 28. 4 20. 8 20.0
b 11T 4 . T, 120 30 18. 4 10.7 20. 3 22.3 23.1 2L 8 20. 4
F; 240 30 14 8 18. 4 218 22. 8 247 22. 5 20.9
Average. . oooon | Jacnieaa|anameaes 15.0 19. 2 20.9 22.1 28.7 21.7 20.4
Ps 0 30 11.8 16. 2 18. & 19. 8 20. & 1. 4 17.0
1] - T ¥, 120 30 120 16. 2 19. 1 20. 8 22.2 19.0 18 3
: F, 240 30 12. 4 16. 6 18. 6 20.9 228 20. 3 18. ¢
P T TR RN SySpS S——— 12.0 16. 8 18.1 20.5 21. 8 18.9 17.9
3 femcecmcmcfeccomaa- 18.1 17.6 19. 0 20. 4 22. 8 19.7 18. 7
Average of 1957-89_. _... P N P 18. 5 17. 8 20. 0 21.2 22.9 20. 5 10.2 |
Fy |eccmccac|occccaaa 13. 4 17.0 20. 2 2.7 28.7 21. 3 19.8
Overall average .. |ocoooJammeacc]ammaaaa -| 188 17.3 19.7 21.1 23.0 20. 6 19.2
1956-59 aversge of Fy| - : :
T, [ /U RV MR E R 13. 2_ 146. 8 10. 8 2.6 23.4 20.._2 19.2
ANALYSIS OF ViRIANCE
Mean squares !
Component Degroes of
freedom
1957 1058 1080
MOIETI® (M) - o o e e e e e eeeeme e e ] 5| 172.98%* 1 110 99%* 144, Q7%+
Ermor (8) ccccccmmcecccmemmm it cicacmnmamamea————— 15 1. 08 L 14 .59
Fertiliser (F)rcmccevoaracacannana mmmsmamsssmesmsame—————— 2 .22 4, GTee 10, 84+
M X F e ecicsmcccccccceccecmmmmmeemme—m———r b v ——— 10 .61 2. 08%* § L 04*
'y ¢ o SR a8 . 47 4 .43
Total . o e crrcsrrtr e acmm A am—————— : b b W TR VGRS

¥ *== Bignificant at the 5-percent level; **=significant at the 1-percent lavel.
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TasLe 16 —Effect of soil moisture and ferlilizer

TEer WmigaET Data

CONSERVATION RESEARCH REPORT 5, U.B. DEPT. OF'AGRICULTDRI

treatments on the test weight of hybrid grain sorghum for
1966-69

Ll YR BN 1 7-1-1-1] 3 8-NN 3 _J-1..1-].]

Fertiliser treatment Welght for moisture treatment of— Av
Year : : forel:ﬁ.
. ] treat-
No, Nitrogen . P’O. Ml Ml Ml M‘ M. M. ments
Lb.jocre| Lb.Jacre | Lb.bu. | Lo jbu. | Lo.fou. | Lb.fu. | Lb.ou. | Lb.fbu. | Lb.fbou. | Lb.fow.
e mman 240 0! 563 47.5 57.0 58, & 51.7 5.1 5E.
Fyom--- 0] 0| 567 50. 2 §7.5 58. 6 5.7 5.6 5B,
1956 Fioon-- 60 30! 56.3 49.7 57.8 8. 6 57.9 55.2 55.
56.3 50.8 57.3 58. & 57.8 55.1 58,
F, 56.1 47.3 57.0 57.1 68 3 5.8 58.
F, 56. 4 48.2]| 568 58.8 57.4 581 55.
56. 4 489 57.1 58. 3 57.8 548 55
57.2 58.6 58. 3 50,0 58.9 588 58
56. 4 BB. 2 57. 8 58.2 58. 4 58 2 57.
56.8! 581 58.1 58. 6 58.0 57.9 57.
56. 8 58.93 58. 2 58.8 58 8 58. 0 58,
57. 4 58. & 58.7 50. 1 £9.0 58. 6 58,
67.4 58.8 58. 5 58.8 59.2 58 4 58
57.0 58.4| 6588 588 58. 0 58.3 58.
49.8 57.1 50. 4 50.3|. 588 50. 6 57.
55. 2 59.0| 581 58.0 57.6 585 | 57
51.9 58. 8 58. 8 50, 1 58. 5 55.3 57.
49. 8 58. 4 59,4 50. 2 50.1 0.5 57.6
49, B 580 50.8 50.8 £9.0 59, 8 57.8
0.5 58.2| 50.6 50, 4 59.8 59.4 57.7
51.2 583 50.3 59.1 58.7 59,3 57.6
57.2 57.1 57.1 57.9| 588 58. 2 57.6
58.9 58 4 57. 4 57.8 56.8 58.0 57.8
58.3 58.6 58.1 58.2 58.6| 588 58.4
57.8 57.8 58,0 58. 8 57.8 50.1 580
58.3 57. 4 56. 2 58.3 58.7 50.0 57.9
58.2 87.8 57.5| 567 59.0 59.0 57.9
58.1 87.7 57.4| 57.8 58.2 58.7 57.9
55.1 55.1 58. 0 58. 6 58.5.| &7.0 57.1
: HEHE R HE R HE
1956-59 average. ... \FarooooloooolidTiiit se2| se1| s82| ss7| sa2| sTe 57. 4
) ISR U 55. 4 55. 3 57.9| 585 58.7 8.0 57.8
§ SN IO 55. 6 55. @ 581 58 4 687 58.0 57.4
Overall average_ {-neooo oo eomvanaee 55.7 55. 8 58. 0 58.8 588 57.8 57.8
ANaLYsre or VARIANCE
Co D of ' Mean squares !
mponent ERTEes
po froedom -
1956 1957 1958 1950
5 280, 35 10. 11** 2438, p5** 5. 00
15 8. 05 .46 1.09 - 1. 08
[ 3. 50** 2, 30%* .61 1. 68
25 1. 49* .12 4 96 1. 66**
90 .75 .27 148 .61
b V% 3N ORI I F, S R

1#=8lgnificant at the 5-percent level; **=significant at the 1-peroent lovel.
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TABLI 17.—Grain protem percentagc as influenced by moisture and jcm!'czer ireaimenis on irrigated

grain sorghum
Prorein Data
Protein at moisture level of— Average for
Year Nitrogen 3 moisture
. levels
N, M, M,
) S — 1). 64 - 6.88 819 8 90
1967 o eveccrcctamemmmm————— | 32, 18 208 8. 06 0.43
| — 11. 76 876 803 9. 52
) 11, 02 0. 54 8. 44 9. 87
UL 0N S ERIE N NSRS PP S 11, 65 8 30 818 9. 88
[ S, 9.38 4.85 4. 81 6. 88
1058 e immm hemmmmm————— )y S 11. 78 5. 51 523 7.49
Fa 10. 78 7. 09 6. 76 8121
11..73 0,63 8 65 10. 00
10. 92 677 8. 86 803
4. 58 4,06 411 4.2
6. 01 4,27 4. 20 4 83
6. 90 4 686 492% 528
7. 10 7.2 o 54 6. 95
6147 505 477 5.83
8 52 5 26 5. 70 | 6. 40
9. 07 5. 95 5 83 7.28
9. 84 6. 83 634 7. 87
0.95 8. 79 7.88 8. 87
9. 57 8.71 S 44 7. 87
Anu..ma' or VaRiaMCE
Co N De of Mean squares 4
mponen grees !
freedom
1987 1958 1060
MoBtUre (M) evemmeeovnemmmammmmcacmaccammcmamaamem—— 2 46. 45%* 76. 50%* 84
EITOT (8) cvccmvmrmammmmestomemm—e———r—aeaeme = ma— 4 .38 .0 1.13

Pertilizer (Fleeaem—cmacacmcoramccsemmesacrsasacmmamrancea= 3 1.00 31. 80** 18. 35%*

X Pocccricccecccememmmmmamtrrsrasaamcmmravmnm———— 8 1. 83** 3. 8g** . 83*

EITor (b)eee-c-vceccammsmammmamrreaamcammcmcranamm=a=~ 18 . 87 .79 .

Total. o occvmemmemeswmmmmccccmeeccc—smsammm=escaman B {eeeecceemmec|emmenrcncnve]|veareemraaaa

1 Percentage of protein = percentage of nitrogen x 5.70.
1 Regidusl applied nitro gen
1 Residual moisture trea ent.

¢ #—Qienificant st the 5-peroent.

Jevel; **w=gignificant at the 1-peroent lovel,
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TasLe 18 —Effect of soil mowturc level and fertilizer on the stage of plant deve!opmnsonAugust 18, 195?’
and August 18, 1968 ‘

[Numerical rating: (1) late boot stage; (2) beginning to bead; (8) partislly headed; and (4) headed and bloomtngl
PLaNT Dnmon:lu'r Data

Plant rating for moisture level of— Aver
Year Fertilizer for
treatment ) moisture
M, M, M, _ M, M, M, levela
fn ........... 2.8 2.5 2.2 2.0 2.8 1.8 24
) 1.8 1.8 1.2 1.0 1.2 .2 1.4
) 2.8 1.5 1.2 1.5 ‘1.2 22 L8
1957 cececccacnan 112/ 2.5 20 1.5 L5 L& 1.2 1.7
Fiaremmncoana 2.8 3.2 2.0 2.2 2.5 2.2 2.5
Foceoeeceeea 3.2 2.8 2.2 2.0 25 1.5 2.4
2.6 28 1.8 L7 20 L7 20
8.8 28 3.0 3.3 3.0 a0 8.0
2.0 L8 1.3 1.8 LB L8 1.9
3.8 3.8 2.5 8.8 8.0 3.3 1 §
3.5 33 3.8 3.8 3.3 3.3 3.4
3.8 3.5 3.8 3.5 38 3.8 36
4.0 40 3.8 3.3 3.5 25 8.7
53 8.1 2.9 3.0 3.0 8.1 3.1
ANALYBIS oF VARIANCE
. . Mean squares 1
Component Degreea of
freedom
1857 1958
Moijsture (M) . - cocccmmmmmmcmcccmcccvicvcecreonscocmmerememan= B 3. 4% 0. 60
ITOT (B)acaccmccccecccecessreceme—mamee—mesecee-s—-m==—=-——— 15 .4
Fertilizer (F)eruommcmccccccccmccccerccr et msmmemmm————e e ana 5 5. O0** 14. 20%*
........................................................ 28 45

Error (b} - - o cimmm e e cmmemmmmm s 80 a8 28

Total e ecccecrrrccaectmmceammmm—mmsmemm—mmmm—m———— X - 3 PO [

19%= Significant at the 1-peroent level.
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TapLe 19.—Effect of 20il moisture and fertilizer treatmenis on water use efficiency (Ib. lacrc-mch oj waler
use) by hybrid grain sorghum

Warzs Ermicizncy DiTa

Fertilizer treatment Water use for moisture level of — Aver:ﬁa
Year _ for

No. Nitrogen] PO | M, | M M, M, M, M,

Lb. Lb. Lb. Lb, Lb, Lb. Lb.
urc-?:ch acre-mhl WHP:CA.I wa-?:.chl acre—tp:rch WM?:'. e

FIFRENAE

284 278 218 190 17 211

218
248 300 318 329 301 308 209
241 313 307 48 315 311 aoe
105 264 272 20 253 261 254
ANALYRIS oF VARIANCE
C t De of Mean eq '
omponen _ grecs
freedom .
1957 1958 1059

Moisture emmmAm AL AR EEASEEAAREE—. S AmAm e, ——————— 5 11, 419%* 18, a70%* 2,271

Error (8) ceeecccmcmmcmcoccmcaceccccmmemccaccamanennan 15 1,528 636 1,104
Fertiliser (I aciencr oo rre e ———— 2 24, 196w b5, 300%* 144, 50T
M X P o anccctaccrvem—rectmramaraaammcannmrenm—n——— 10 | 1, 252 8, 305" 8, 840%

oy 36 887 874 M3

Tottl. e cceccacvccmtnemccmercanmme s st ————— ) 71 RPN IO ER

1 #*m Bignificant at the 1-percent level.

US. GOVERNMENT PRINTINE OFTICE: 105 O=-771-708



